Introduction
Paroxysmal nocturnal hemoglobinuria (PNH) is an acquired hemolytic disorder characterized by red blood cells (RBC) with enhanced complement-sensitivity (1) . Hemoglobinuria and hemosiderinuria due to chronic intravascular hemolysis of the complement-sensitive RBCare characteristic clinical features of the disorder and have considerable diagnostic value (2). A variety of functional and radiological abnormalities of the kidney are found in PNH, including hyposthenuria, tubular dysfunction, and declining creatinine clearance (2, 3). According to a previous case report, the amount of iron deposited in the kidneys of patients with PNHwas estimated to be 80-times higher than normal (4). Furthermore, an autopsy study revealed that hemosiderin is deposited predominantly in the proximal convoluted tubules but not in the distal tubules (5). These observations suggest that proximal tubular dysfunctions often found in PNH, e.g. renal proximal tubular acidosis (3, 6), are causally related to hemosiderin deposition in the proximal tubular cells (7). The hemoglobin released to the serum by an intravascular hemolysis is captured by haptoglobin and carried to the liver. However, in a condition like chronic intravascular hemolysis in PNH, haptoglobin is intensely consumed and appears as encaptured hemoglobinin the serum. It is filtered at the glomeruli and extensively reabsorbed by the proximal tubular cells (8, 9) . When the amounts of hemoglobin absorbed exceed the ability of the kidney to dispose of the iron, hemosiderin is deposited in the tubules. Such change might be detected by computed tomography (CT) (9) but the MRIis more sensitive. Four groups of investigators have reported characteristic MRIpatterns of PNHaffected kidneys (10-13). The typical feature of the MRIof PNH-affected kidneys was a low signal intensity of the cortex in T2-weighted images. Weexamined the kidneys of 6 patients with PNHand of 3 patients with autoimmune hemolytic anemia (AIHA) using Tl-and T2-weighted MRI. Characteristic results for the T2-weighted MRIs of the kidney were obtained as previously reported in 5 of the 6 patients with PNH, whereas the pattern typical of PNHwas not observed in any patients with AIHA. The specificity of the MRI pattern of PNHaffected kidneys and its relationship to the renal dysfunctions are discussed. Magnetic resonance imaging All MRI examinations were performed with a 1.5T superconducting magnet (Signa, General Electrics, Milwaukee, WI, U.S.A.). The Spin Echo Pulse Sequence was used to construct images. Tl-and T2-weighted images were obtained at repetition times (TR) of 400 msec and echo delay time (TE) of 10 msec, and 2,000 msec TR and 90 msec TE, respectively. Images were reconstructed using a two-dimensional Fourier transformation utilizing a matrix grid of 256x128 elements in the T2-weighted images. The signal intensities of the renal cortex and medulla, bone marrow, liver and spleen on each image were evaluated by at least two diagnostic radiologists. Three patients with AIHAwere also examined by Tl-and T2-weighted MRIas described above.
Renal dysfunction in patients with PNH Renal functions in patients with PNHwere evaluated by assessing the serum blood urea nitrogen (BUN)and creatinine levels , creatinine clearance (Ccr) , phenolsulfonphthalein (PSP)-test ( 1 5 min-values) , urinary protein, urinary B2-microglobulin, and urinary N-acetyl-B-D-glucosaminidase (NAG), in addition to the clinical symptoms of the patients.
Results
Characteristic MRI ofPNH-affected kidneys The MRIpattern of the kidneys in normal individuals were low and high intensity in Tl -and T2-weighted images, respectively (Figs. 1A, 2A) . In Tl-weighted images there were no significant differences betweenthe cases examined.Onthe other hand, as shown representatively in Fig. 2B , a low signal intensity in T2-weighted MRIimages of the renal cortex was demonstrated in 5 of the 6 patients with PNH. In one patient with PNH (Patient F.K.), the intensity of the T2-weighted image was high, similar to that of the normal kidney (Fig. 2C) . The results of T2-weighted MRIexaminations of the patients with PNHare summarized in Table 2 . Wearbitrarily assigned those MRIresults that indicated deposition of iron into one of two grades based on the extent of the MRI image, deposition: ++ (intense hemosiderosis); + (hemosiderin deposition). In 3 patients with PNH (Patients I.S., Y.A., and S.K.), the hemosiderin deposition in the renal cortex was more intense than in the other 2 patients with PNH (Patients N.K., G.K.). But, there was no significant relationship between the values of serum ferritin and the intensity of hemosiderin deposition. In another patient with PNH(Patient F.K.), no hemosiderosis was observed in the kidney. As described above, there had been no evidence of hemolysis in this patient for at least one year before the study. This clinical feature was consistent with data showing only a small percentage of complement-sensitive RBCin this individual (data not shown). It was also noted that she had the lowest value of serum ferritin among the 6 patients with PNH.None of the patients with AIHAshowed any abnormal MRI findings related to hemosiderin deposition in the kidney (Fig. 2D ).
Hemosiderin deposition and renal dysfunction
The results of the analysis of renal function in the patients with PNHare shown in 
Discussion
Hemosiderin contains hemic iron (25-45%), which is recognized as a paramagnetic agent by MRI (10). MRI of the kidneys of all but one of the patients with PNHwe studied resulted in characteristic T2-weighted images. These images indicated shortened T2-relaxation times of the renal cortex. This low signal intensity, observed predominantly in the cortex, is considered to be related to the hemosiderosis of the proximal convoluted tubules of the kidneys in patients with PNH(10-12). One of the patients with PNHstudied here did not have the characteristic MRIimages of the kidney associated with hemosiderosis. This finding was not surprising since the patient in question had no signs of hemolysis for more than a >j~x and only a small percentage of her RBCwere complement-sensitive, although apparently abnormal PNHneutrophils were still present. Intense hemosiderosis of the kidneys, predominantly in the proximal tubules as seen in PNH (5), indicates a rate of filtration of hemoglobinconstantly in excess of the absorptive capacity of the proximal tubular epithelial cells. PNHis representative of the hemolytic anemias that involve intravascular hemolysis. Sickle cell anemia is also associated with intravascular hemolysis and complicated nephropathy (2). It has been reported that the renal pathological findings in PNHbear striking similarity to those of sickle cell anemia (3). In addition, it is of interest that the results of T2-weighted MRIof the kidneys of patients with sickle cell anemia also show low signal intensities for the renal cortex (14). Although we had no opportunity to examine the kidneys of patients with sickle cell anemia by MRI, previously reported results suggest a causal relationship between hemosiderin deposition, which occurs predominantly in the renal cortex, and intravascular hemolytic events. The results of MRIexaminations of the kidneys of patients with a hemolytic disease showing extravascular hemolysis, AIHA, were different from those seen in PNH, supporting the speculation that hemosiderin deposition in the renal cortex is a fairly specific feature of intravascular hemolysis. The hemosiderin deposition observed in Patients 1, 2 and 6, in whomrenal dysfunction was not detected by conventional examination (Table 2) , may indicate that subclinical hemosiderosis can be detected by MRI.
Weconclude that the characteristic results of MRI of the Lowsignal intensity of renal cortex was graded as follows. ++: intense hemosiderosis, +: hemosiderin deposition. * The intensity was not as low as other positives of the kidney. 
